The genetic diversity of 106 genotypes of Theobroma cacao L. was assessed using RFLP and RAPD methods. Thirty-one cDNA probes and 19 primers generated, respectively, 87 and 49poly-morphic bands that were submitted to factorial and cluster analyses. Both RFLP and RAPD bands separated the individuals into three distinctive groups. Some genotypes did not correspond to the currently accepted classification and are considered to have been originally misclassified. The nature of RAPD bands was investigated by Southern analysis. There were as many highly repeated sequences as single copy sequences but the two types of sequences did not structure the variability in the same way. Similar results were obtained with RFLPs and RAPDs with regard to the genetic structure of Theobroma cacao L. Therefore, RAPDs appear to be as efficient as RFLPs for classifying cocoa genotypes.
Introduction
Based on morphological characteristics and geographical distribution, Theobroma cacao L. has been subdivided into three main groups, namely Forastero, Criollo and Trinitario. Forastero clones originated in the Amazonian region of South America and possess green pods with predominantly purple seeds. Most cultivated clones are Forastero which represent over 80 per cent of the world cocoa production. Forastero have been further subdivided into Upper Amazon and Lower Amazon because of their geographical locations and some distinctive characteristics (e.g. precocity and disease resistance), Criollo were the first domesticated cocoas and originated in Central America and in the north of South America. They possess large white or rosy beans that give a desirable chocolate although they have poor agronomic value. Trinitario are hybrids between Criollo and Forastero. The great variability of pods and seeds makes it difficult to distinguish cocoa groups. Moreover, lack of information on a large number of clones limits their use in breeding programmes.
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Although morphological characters have allowed Engels (1986) to discriminate Criollo from Forastero within a pool of 294 genotypes, these characters are affected by environmental effects and are difficult to measure because of their continuous variation. Lanaud (1987) used six enzymatic systems representing nine loci to assess the genetic diversity of 350 genotypes of cocoa. She uncovered great variability among Forastero clones as was encountered by Pound (1945) during his collecting trips in the Upper Amazon region, but the small number of enzymatic markers available did not allow the fine discrimination of groups as described by Cheesman (1944) . The availability of new, abundant and neutral genetic markers has allowed some progress in the discrimination of groups. Laurent et al. (1993a Laurent et al. ( , 1993b Laurent et al. ( , 1994 (Williams et at., 1990) and have proved to be valuable for a number of purposes. They have been used for establishing genetic linkage maps (Carison et ai., 1991; Fauré et at., 1993) , for fingerprinting (Fukuoka et al., 1992; Wilde eta!., 1992) and for diversity studies (Kazan et a!., 1993; Stiles et at., 1993) . Although RAPDs are simple, their results are sometimes controversial because of a lack of repeatability of some amplification products. In this study, we compare the structure of the genetic variability obtained by RAPD and RFLP methods, to test the general reliability of RAPD techniques in cocoa in order to apply it for cocoa germplasm characterization as a possible alternative to RFLPs.
Materials and methods

Plant material
A total of 101 genotypes of Theobroma cacao belonging to various groups and origins were collected from different research stations as dried leaves and used for RFLP studies (Table 1) . One hundred and six acces- Letters or numbers above the names of clones refer to the position of clones on the first plane of factorial analyses of Fig. 1 and Fig. 2 . Clones in bold were used only for RAPD. Dried leaves were received from IDEFOR/DCC( 1), CEPEC(2), CATIE(3), CENIAI4) and CRU(5).
sions (Table 1) were used for RAPD analyses (101 were common to both studies).
cDNA isolation cDNA probes were synthesized from fresh seed tissue using Pharmacia kits. They were ligated into pUC18 and used to transform strain DH5 a of E. coli. Plasmids were isolated by minipreparation and inserts were amplified by PCR and extracted from low-melting agarose gels.
Total DNA extraction and RFLP procedures
Total DNA was extracted from dried leaves as described by Laurent et al. (1993a, b) . Five micrograms of total DNA were digested with four restriction enzymes (EcoRI, XbaI, EcoRV, Hindill) and transferred to a nylon membrane (Hybond N). Thirty-one cDNA probes were labelled by random priming with 32PdCTP and used to probe blots containing digested total DNA. Prehybridizations and hybridizations were performed overnight at 42°C in a solution containing 50 per cent formamide 6 x SSC, 5 x Denhart, 0.5 per cent SDS and 25 pg/mL herring sperm DNA. Autoradiographs were exposed at -80°C for a week.
RAPD procedures
Each amplification was performed in a reaction After an initial denaturation step at 94°C for 5 mm, 43 cycles of 1 mm at 93°C, 50 s at 36°C and 2 mm at 72°C were performed followed by a final incubation phase of 10 mm at 72°C. Amplification products were then analysed by electrophoresis in 1.4 per cent agarose gels run at 100 V for 3-4 h in a TBE buffer and stained with ethidium bromide. Repeatability tests and primer screening were conducted on a sample of 19 genotypes belonging to different origins. Nineteen primers generated 49 stable and readable bands that were scored for their presence or absence. The nature of 39 polymorphic RAPD products was investigated by Southern analysis. Amplification product leftovers were allowed to migrate overnight in 1.2 per cent low-melting agarose gels. They were extracted from the gels and hybridized to blots containing total DNA of five clones digested with five restriction enzymes (BglII, EcoRI, XbaI, EcoRV, HindIIJ) as described in the RFLP procedures.
Statistical analyses RAPD or RFLP data were scored as presence or absence of bands in each genotype. A x2 test was used to compare the frequencies of RAPD bands in populations. Data were then subjected to factorial analyses of correspondences (FAC) (Benzécri, 1973) . Cluster analyses were performed on the coordinates of factorial axes and phenograms were built by the average method (UPGMA). After investigation of RAPD bands, single copy and highly repeated sequences were analysed separately. All statistical analyses were performed using ADDAD software (Addad, 1985) .
Results cDNA analysis
Thirty-one cDNA probes produced 87 polymorphic fragments that were scored for their presence or absence in the genotypes. The first plane of the factorial analysis ( Fig. 1) Southern analysis of RAPD products revealed three types of patterns: 12 amplification products used as probes gave one to three bands on blots and were therefore considered as single copy sequences, 12 other products generated a smear on blots and were identified as highly repeated dispersed sequences and a third type of product induced more than three discrete bands with or without background smears. This last type could not be unambiguously assigned. Some amplification products could not be extracted alone from gels whatever the duration of migration because they were too close to other bands.
Level of polymorphism and comparison of RAPD products in populations. The 19 primers generated one to five polymorphic fragments. The size of bands ranges from 0.3 to 2 kb. Some bands occur more often in some populations. A x2 test was performed on the data for uniformity of band presence in the populations 
Differences between populations are nonsignificant (NS), significant at the 5% level (*) or significant at the 1% level (**). RAPD fragments are designated by the primer that generated them and their size (for example rOPK1 5/0.9: r for RAPD, OP for Operon, K15 is the name of the primer, 0.9 kb is the size). UA: Upper Amazon Forastero; LA: Lower Amazon Forastero; T: Trinitario; C: Criollo. RAPD bands are repeated sequences (R), single copy sequences (S), low repeats (LR), unassigned (U) or could not be extracted (-).
( Discussion and conclusion RAPD fragments are DNA sequences amplified by a polymerase. They could cover the entire genome by revealing coding or noncoding regions, repeated or single copy sequences. The number of repeated sequences is correlated with the size of the genome (Vedel & Delseny, 1987; Lapitan, 1992) , and Lanaud etal. (1992) and Figueira etal. (1992) showed that the cocoa tree has a small genome of 0.4 pg per haploid cell. One could, therefore, reasonably expect a relatively low percentage of repeated sequences in the cocoa genome. However, in the present study, more repeated sequences (high or low repeats) were found than single copy sequences. Repeated sequences may have been preferentially amplified by the RAPD technique. Repetitive and single copy sequences do not reflect the same evolutionary processes. According to Delseny et a!. (1988) , repetitive sequences could evolve more rapidly than single copy sequences by amplification and transposition. Amplified single copy probes were expected to structure the variability in the same way as eDNA sequences but, probably because of the number of sequences analysed, different features were observed. Amplified single copy sequence probes in this experiment gave similar results to enzymatic markers (Lanaud, 1987) , revealing a wide range of variability among the Forastero group without any clear distinction between Forastero and Criollo. Amplified repeated sequence probes on the other hand gave the same results as morphological characters by separating Forastero from Criollo. Twelve repeated sequence probes were enough to discriminate the two major groups as did 39 morphological characters, cDNA and rDNA probes. Those repeated sequences seem to be well distributed over the genome and are different from rDNA which is a specific repeated sequence. In cocoa, the analyses of eDNA, rDNA, morphological characters and dispersed repeated RAPD sequences separated Criollo from Forastero and probably reflect ancient events that took place prior to the separation of Some genotypes are apparently misclassified by both types of molecular markers: ECNR(h), EET59(l) and SF23(d). This is not surprising for some Ecuadonan genotypes called 'Nacional'. Ecuador Nacional cocoa comprises genotypes with plump whitish beans usually classified as Lower Amazon clones (Soria, 1970) or Criollo clones (Enriquez, 1992) . From these analyses based on two types of molecular markers, strong evidence exists that those clones are more related to Upper Amazon or Trinitario clones.
The cocoa clones from Brazil are shown by RAPD and RFLP/cDNA to be heterogeneous. Some show little variability and cluster with African Amelonado clones whose ancestors they are supposed to be. Although a rather global agreement exists between RFLP and RAPD techniques for cocoa diversity studies, some particular results are obtained from each one. In the factorial analysis of eDNA data, Scavina genotypes are somewhat isolated from the other members of the Upper Amazon group whereas in the RAPD analysis they fit well in the group. P32A (5) and IFC4 (7) appear distinct on RAPD analysis, but are quite integrated in their usual respective group of classification in the eDNA analysis. These genotypes should be studied in more detail.
Based on these results, RAPD is an appropriate technique for studying the diversity of cocoa populations as RAPD analyses are fast and well suited for surveying large samples of genotypes such as those held in international gene banks.
